In his original description of the nociceptive flexion reflex in vertibrate animals Sherrington (1910) declares that even though the reflex is most readily elicited from the foot, it has a receptive field which includes "the skin of the whole limb as far up as the groin in front, the perineum medially, and the ischial region behind". He states that noxious stimuli within this field cause not only a contraction of the flexors of hip and knee and the dorsiflexors of foot and digits, but also a relaxation of antagonistic extensors and plantar flexors. In addition, he points out that even though the ensuing movement is always a flexion of the limb "there comes to be some accentuation of movement at this joint or that according as the skin-point stimulated lies in this limb-region or that" (the phenomenon of "local sign").
In his original description of the nociceptive flexion reflex in vertibrate animals Sherrington (1910) declares that even though the reflex is most readily elicited from the foot, it has a receptive field which includes "the skin of the whole limb as far up as the groin in front, the perineum medially, and the ischial region behind". He states that noxious stimuli within this field cause not only a contraction of the flexors of hip and knee and the dorsiflexors of foot and digits, but also a relaxation of antagonistic extensors and plantar flexors. In addition, he points out that even though the ensuing movement is always a flexion of the limb "there comes to be some accentuation of movement at this joint or that according as the skin-point stimulated lies in this limb-region or that" (the phenomenon of "local sign").
It was recognized quite early, however, that ipsilateral extension reflexes could also be elicited from the skin or the cutaneous nerves. The "*extensor thrust" represents an example of such a reflex, and it was also noted that modification of the stimulus applied to sensory nerves sometimes changed the motor response obtained from a flexion to an extension reflex (Sherrington and Sowton, 1911; Brown, 1912; Brown and Sherrington, 1912) . These authors' final conclusion was that in vertibrate animals there exist ipsilateral extension reflexes of cutaneous origin; they are often concealed by the dominant flexion reflex but they can be uncovered by varying the site and nature of the stimulus. In an attempt to make a further analysis of these spinal extension responses, Hagbarth (1952) 
Results
A series of preliminary experiments showed how various muscles in the extremity react to a noxious stimulus applied most distally on the plantar surface of the hallux. After a latency varying from about 60 to 80 m.sec. a reflex discharge appeared in some of the muscles while others were inhibited. The reflexes were regularly followed by "silent periods" and the inhibitions by secondary discharges. Occasionally the cyclic activity persisted for a longer time and involved several alternating periods of excitation and inhibition, a phenomenon which has earlier been described both in connexion with the flexion reflex (Hoffmann, et al., 1948; Schenck and Koehler, 1949) and the abdominal skin reflex in man (Kugelberg and Hagbarth, 1958) . When attention was focused on the initial effect of the stimulus, however, it turned out that the following muscles responded with a reflex discharge: The tensor fasciae femoris, the sartorius, the rectus femoris, the tibialis anticus, the peroneus longus, and the extensor brevis digitorum, while the following were inhibited: The gluteus maximus, the vastus medialis, the vastus lateralis, the gastrocnemius, the soleus, and the flexor brevis digitorum. The responses in the semimembranosus and the semitendiknosus were somewhat variable but usually the former was inhibited while a reflex appeared in the latter.
The muscles listed agree very well with those enumerated by Sherrington (1910) in his description of the muscles participating in the flexion reflex of vertebrate animals. Moreover, the latencies of the responses are short enough to indicate that these reflexes in man are also mediated by spinal reflex arcs (cf. Kugelberg, 1948; Pedersen, 1954) . It is consequently safe to conclude that a noxious stimulus to the plantar surface of the hallux in man evokes a reflex which closely resembles the flexion reflex of Sherrington. As will be shown, however, other reflex patterns appear when the skin stimulus is applied to more proximal parts of the limb. Fig. 1 shows how the response in the gluteus maximus changes as the skin stimulus is systematically moved from one skin area to another along the ventral and dorsal aspect of the entire limb. This muscle was inhibited from most skin areas but it As shown in Fig. 1 , the duration of the initial inhibitory phase tended to decrease as the stimulus was shifted further proximally. In particular the responses elicited from the ventral part of the thigh were characterized by a short inhibitory phase followed by a rapid secondary discharge. The most probable explanation of this phenomenon seems to be that the more proximal the stimulus, the less dispersed the sensory signals entering the reflex centre. As a consequence the immediate motor response is better synchronized and the ensuing cyclic changes are likely to reach higher frequencies, be these due to intraspinal mechanisms or external circuits.
The next muscle investigated was the knee extensor, the vastus medialis (Fig. 2) . It was inhibited from most skin areas of the limb, including the gluteal region, but usually initial discharges appeared when stimulating the ventral part of the thigh. The superposition technique proved to be of great value in these experiments where it was important to distinguish between primary excitatory effects and rebound discharges following a short initial inhibition. Occasionally a stimulus to the ventral part of the thigh caused a brief initial inhibition in the vastus medialis, but then a small shift of the electrode position was all that was needed to recover the primary excitatory effect.
A closer study of Figs Occasionally it appeared as if the primary discharges, elicited from the gluteal region and the ventral part of the thigh respectively, had a somewhat longer latency than the inhibitory responses evoked from neighbouring skin areas. This impression, however, was mainly obtained in those instances when the discharges had a more gradual onset than the inhibitory effects. Minor differences were therefore hard to evaluate and on the whole the two types of responses had similar latencies.
The gastrocnemius and the soleus, the plantar flexors of the foot, behave, according to Sherrington, as extensor muscles inasmuch as they are usually inhibited by ipsilateral noxious skin stimuli. In the present study these calf muscles were found to react to the skin stimuli in the following way. Stimuli to the dorsal side of the limb, from heel to thigh, caused an initial reflex discharge while stimuli to most parts of the foot caused inhibition. As a rule, small initial discharges could be elicited also from certain areas on the ventral side of the leg while stimuli on the ventral side of the thigh usually were ineffective (Fig. 3) .
The tibialis anticus, the prime antagonist to the calf muscles, responded to the skin stimuli in a reciprocal way. It was consequently inhibited from those skin areas which had an excitatory effect on the gastrocnemius and the soleus (Fig. 4) .
As a rule, the responses of the various muscles appeared most distinctly when displayed against a "voluntary" background activity of moderate strength. The gastrocnemius, which is a doublejoint muscle, was "voluntarily" activated either as a plantar-flexor of the foot or as a flexor of the knee.
The mode of activation, however, had no appreciable influence on the reflex patterns described.
These were also approximately the same whether the subject was standing on the leg, sitting, or lying in different positions.
From the clinical point of view, the plantar-and dorsi-flexors of the toes attract a special interest as they are the main participants in the normal plantar and Babinski responses. The way in which these muscles react to ipsilateral noxious skin stimuli forms the main theme in a separate and independent study by Eklund, Grimby, and Kugelberg (1959) .
Discussion
It seems very likely that the reflexes described in the present paper are of cutaneous origin. The shape of the stimulating electrodes and the parameters of the electrical current were especially chosen to give a superficial burning sensation from the skin and it was repeatedly checked that the stimuli did not cause any radiating pain, or any indirect muscle contractions, even when the electrode was placed on purpose over some of the main motor nerve trunks.
As already mentioned, it also seems safe to conclude that the reflexes are mediated by spinal reflex arcs. The gradual decline of latency as the stimulus is moved proximally (shown for the inhibitory responses in Figs. 1 and 2 ) allows not only an approximate estimation of the conduction velocity of the sensory fibres mediating the flexion reflex (33 to 40 m.sec.), it also indicates that the central delay must be relatively short. As shown in Fig. 1 , the inhibitory responses in the gluteus maximus elicited from the perineal region had a latency of 35 to 40 m.sec. and in this case it was estimated that the conduction distance to the spinal cord could hardly be less than 45 cm. With a sensory conduction velocity of 33 to 40 m.sec. this means a peripheral sensory delay of about 13 m.sec. and consequently 22 to 27 m.sec. are left for central delay and motor transmission. Considering that allowance should be made for a period of temporal summation, this delay can hardly permit participation of pathways higher than spinal in the basic reflex arcs (cf. Dawson, 1947) . Since the latencies are approximately the same for the inhibitory and excitatory effects on the extensor muscles, it must be assumed that the latter kind of responses also are mediated by spinal paths. 
